Executive Summary
The forest floor data from the Savannah River Site consists of two layers, the litter layer and the duff layer. The purpose for the study was to determine bulk density conversion factors to convert litter and duff depth values in inches to forest floor fuel values in tons per acre. The primary objective was to collect litter and duff samples to adequately characterize forest floor depth and bulk density for combinations of 4 common forest types (loblolly/slash pine, longleaf pine, pine and hardwood mix, upland hardwood), 3 age classes (5-20, 20-40, 40+ years old) and 3 categories of burning history (0-3, 3-10, 10+ years since last burn). Due to its high utility in forestry and ease of measurement, stand basal area delineated into 3 categories (0-82.5, 82.5-111.5, 111.5+ ft 2 /ac) was an additional analysis variable. The Levene test for homogeneity of variance indicated different variances across forest type. Consequently, the four forest types were analyzed separately. Factorial analysis-of-variance was used to determine significant factor effects (age, basal area, burn history) on litter and duff bulk density and depth. In summary, loblolly and slash pine stands forest floor bulk density was correlated with basal area, longleaf pine stands forest floor bulk density was correlated with age, while mixed pine-hardwood stands forest floor bulk density was affected by burning history. Loblolly and slash pine stands duff bulk density could also be separated out by age class. There were no significant factor effects on hardwood stands forest floor bulk density. The following table gives the appropriate bulk density conversion factors for Atlantic Coastal Plain forests.
Results Table 1 . Mean bulk density in tons/acre/inch, standard deviation (Std Dev), and standard error of the mean (Std Error) by forest type and significant stand variable for forest floor layers. It is preferable to measure the litter and duff depths, however, for large acreages one can use the following averages for Atlantic Coastal Plain forests.
Results Table 2 . Litter and duff depth averages, their standard deviations (Std Dev), and standard errors of the mean (Std Error). 
Data
The forest floor data from the Savannah River Site (SRS) consists of two layers, the litter layer and the duff layer. As part of calculating bulk density (BD) values, depth was determined for the litter and duff layers. The primary objective was to collect litter and duff samples to adequately characterize forest floor depth and bulk density for combinations of 4 common forest types (loblolly/slash pine, longleaf pine, pine and hardwood mix, upland hardwood), 3 age classes (5-20, 20-40, 40+ years old) and 3 categories of burning history (0-3, 3-10, 10+ years since last burn). Samples were collected across 97 plots and in general there were 4 subsamples per plot. A total of 388 litter samples (97 plots × 4 subsamples = 388) and 270 duff samples were used for analysis. Duff samples with an average depth of less than 0.2 inches (5 mm) were often contaminated with mineral soil and so were removed from the analysis. A total of 118 duff samples were thus removed and as a consequence only 85 plots had duff values. Appendix C lists the data. Table 1 gives the number of replications (plots) for the cross-tabulation of forest type, age class, and burn history. 
Analysis
We are interested in testing factors that might explain variation in bulk density and depth. The variables of interest are forest type, age class and burn history, as shown in Table 1 . Additional variables examined were site index in feet (base age 50 years) and plot basal area in ft 2 /ac. Table 2 gives basic statistics on site index and plot basal area. Site index (SI) values were separated into the following three classes: if SI ≤ 70 ft then SI class = 1, if 70 < SI ≤ 80 then SI class = 2, if SI > 80 then SI class = 3. For basal area (BA), the following classes were defined: if BA ≤ 82.5 ft 2 /ac then BA class = 1, if 82.5 < BA ≤ 111.5 then BA class = 2, if BA > 111.5 then BA class = 3. The basic approach was to analyze effects through completely randomized factorial analysis-of-variance (ANOVA). Before proceeding with the ANOVAs, it is necessary to check on certain assumptions.
Homogeneity of Variance and Experimental Error versus Sampling Error
It is important to understand that a plot is the experimental unit in this study. As such, each of the four (litter and duff) samples collected on a plot are not true replications but pseudoreplications. The average of the four samples (in a few cases < 4 samples for duff on a plot) becomes the plot or experimental unit value. Variance calculated on the subsample values is referred to as sampling error. Variance computed on weighted (by frequency) plot values constitutes experimental error. One of the assumptions of ANOVA is that the variances are homogeneous across groups. The main category of data is forest type, and intuitively it seems reasonable that variances might differ by forest type. Variances by forest type are listed in Table 3 . To test the null hypothesis that variances (from plot level values) across forest types are equal, I used the Brown and Forsythe modification (absolute deviations from group medians) of Levene's test for homogeneity of variance (HOV). In testing homogeneity of variances, one wishes to be able to pool the variances. This is atypical of normal hypothesis testing, where one normally hopes to reject the null. As HOV tests usually have low power, and the cost of a Type II error is high relative to Type I error for the case of HOV testing, a more appropriate alpha error level is 0.1 instead of the usual 0.05. By raising the alpha level you reduce beta or Type II error and automatically get a more powerful test. Table 4 gives the results. As can be seen in Table 4 , three of four Levene's tests indicate different variances across forest type. Consequently, it seems appropriate to analyze the four forest types separately.
As mentioned, a plot is the experimental unit in this study. Normally, sampling error is much smaller then experimental error, because variation within a plot or unit is typically less than variation among plots or units. However, if sampling error and experimental error are the same, one could use the sampling error for testing purposes and have much greater power due to the greater degrees-of-freedom (df). In ANOVA, it is possible to separate out experimental error from sampling error and test to see if they are equal. 
ANOVA
Because the results indicate heterogeneous variances by forest types, there will be separate analyses by forest type. Due to the nature of the data, that is, unbalanced and missing cells, it is not possible to run ANOVAs across forest type with all four factors (age class, burn history, SI class, BA class) or even three factors at a time and obtain meaningful results. I initially screened the analyses by running all possible 2-factor ANOVAs. From this initial screening, I determined that SI had little or no effect on BD or depth values. So SI was dropped from further consideration. For a randomized 2-factor analysis of variance with r replications, factors A and B, and s subsamples per unit, the general ANOVA table with expected values of mean squares looks like: then one can use the sampling error term with the much higher (s-1)rab degrees-of-freedom. This results in greater power. In the ANOVA tables, the first check should be on the equality of experimental error and sampling error at the α = 0.1 level. If they are significantly different (P < 0.1) then experimental error must be used for tests of hypothesis on the factors. If the error terms are not significantly different (P ≥ 0.1) then sampling error is used for tests of hypothesis on the factors.
In refining the analyses, I considered that burn history was of great interest. Also, because stand age and stand basal area are positively correlated, it is generally not a good idea to have them in the same ANOVA because of colinearity. As age class is one of the class variables used in designing the study, the ANOVAs with burn history and age class are of primary interest. However, because stand age is not always known, and stand basal area is relatively easy and quick to obtain with a prism, ANOVAs with burn history and BA class are also of interest. Appendix A gives the ANOVAs based on the factors burn history and age class. As an adjunct to the primary ANOVAs, significant ANOVAs with BA class are listed in Appendix B. As an aside, the data are unbalanced and have missing cells (cross-tabulations with no values, e.g., age class 5-20 years and burn history 0-3 years in Table 1 has no value under loblolly/slash, pine/hardwood, and upland hardwood) and this is reflected in the df in the ANOVA tables in Appendices A and B.
Results
The Levene tests in Table 3 and The ANOVAs in Appendix A and B reveal some very interesting trends. Of course, we see there can be great differences in variances. For example, on litter bulk density, the variance for loblolly and slash pine is 0.7626 and for longleaf pine the variance is 1.9434. Hence we see the variance for longleaf is 2.5 times greater (1.9435/0.7626=2.548). Of the 16 ANOVAs in Appendix A, the experimental error was larger than sampling error in 10 cases, and this is in keeping with expectations.
There were no interactions of consequence. Of the 18 ANOVAs total (16 from Appendix A and 2 from Appendix B), only two had F-tests indicating significant interactions. In the first case, loblolly-slash pine stands litter depth, Tukey's test did not separate out any of the means. In the second case, pine-hardwood mixed stands litter bulk density, the interaction was compromised by having two missing cells. Tukey's test basically separated out 1 mean from the 7 means. Because of the missing values, it was difficult to establish a meaningful trend, hence I made the judgment to discount the interaction. The overall conclusion is that for all practical purposes, there were no interaction effects.
The significant main effects from the ANOVAs are summarized in Table 5 . It is readily apparent from this table that bulk density and depth values are correlated with different factors, depending on forest type, except upland hardwoods. The upland hardwood forest type had no significant main effects. That is to say, variability was such that there were no detectable differences in litter and duff bulk density and depth across basal area, age and burn history for upland hardwoods.
Single average values will suffice for conversion factors.
For loblolly and slash pine stands, litter and duff bulk density increased with higher basal area. Likewise, duff BD increased with age. Litter depth was affected by burning history, with recently burned stands having smaller average depth. For longleaf pine stands, bulk density values increased with higher age class. For pine and hardwood mixed stands, burn history made a difference on bulk density, with higher bulk density on recently burned stands. Duff depth was affected by age class, with deeper depth at higher ages. In summary, loblolly and slash pine stands forest floor bulk density was correlated with basal area, longleaf pine stands forest floor bulk density was correlated with age, while mixed pine-hardwood stands forest floor bulk density was affected by burning history. 
Conversion Factors
The idea behind the study was to come up with appropriate conversion factors to compute forest floor fuel values. In general, one needs to measure forest floor depth values for the litter and duff layers, and these values are converted to amount of fuel (tons/ac) by multiplying by a BD conversion factor. Table 6 lists the appropriate BD conversion factors, along with standard deviations and standard errors, based on the results of this study. 
Examples of Use
For a small acreage a rough interval for forest floor fuel can be obtained using ± 1 standard deviation. For example, say a 40 acre slash pine stand has an average litter depth of 1.1 inches and duff depth of 0.5 inches. Say the stand density is approximately 100 ft 2 /ac of basal area, from Significant factor effects at α = 0.05 are followed by *. Note: There is a missing cell in the interaction: BH=1, AC=1. The F-test in the ANOVA table was significant, however, Tukey's test failed to separate out any of the means. For all practical purposes, there is no interaction effect. Note: There are two missing cells in the interaction: BH=1, AC=1; and BH=2, AC=1. The F-test in the ANOVA table was significant and Tukey's test basically separated out 1 mean from the rest (BH=1, AC=2). Without the values for age class 1 at burn history 1 and 2, it is difficult to judge the trend shown by age class 2 in the graph. For this reason I discount the interaction and make the conclusion that for all practical purposes, there is no interaction effect. Burn History If sampling error is of the same magnitude as experimental error, then tests are conducted with sampling error, and this section of the ANOVA is highlighted in blue. Significant factor effects at α = 0.05 are followed by *. 
